Much uncertainty remains as to the temporal relationship between the Ediacaran and Cambrian biotas, yet this is critical to our understanding of the rise of metazoans. Here we present new high resolution carbon isotope chemostratigraphy and biostratigraphy for a terminal Ediacaran to Cambrian succession on the eastern Siberian Platform, Russia, which shows the presence of a succession of diverse fossil assemblages before the start of the basal Cambrian negative carbon isotope excursion (BACE). Softbodied Ediacaran biota (Beltanelliformis) occur before the start of the late Ediacaran positive carbon isotope plateau (EPIP), a mixed Ediacaran and Cambrian skeletal biota (Cloudina, Anabarities, Cambrotubulus) appear within the EPIP, and diverse Cambrian-type small shelly fossils including Protohertzina and other protocondonts, halkieriids, chancelloriids, hyoliths, hyolithelminthes and the burrowing trace fossil (Diplocraterion) appear at the beginning of the BACE. These integrated data show that taxa attributed to so-called Ediacaran and earliest Cambrian skeletal biotas in fact overlap without notable biotic turnover, and thus refute the presence of a large isotope excursion coincident with mass extinction of all Ediacaran biota. We propose a new biozone, the Cloudina-Namacalathus-Sinotubulites Assemblage Zone, to precede the known small shelly fossil (SSF) zones. These observations raise doubts as to whether there is any true separation between the Ediacaran and Cambrian skeletal biotas, and suggest that there is a deep root for the Cambrian Explosion of metazoans.
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positive carbon isotope plateau (EPIP), a mixed Ediacaran and Cambrian skeletal biota 23 (Cloudina, Anabarities, Cambrotubulus) appear within the EPIP, and diverse Cambrian-24 type small shelly fossils including Protohertzina and other protocondonts, halkieriids, 25 chancelloriids, hyoliths, hyolithelminthes and the burrowing trace fossil (Diplocraterion) 26 appear at the beginning of the BACE. These integrated data show that taxa attributed to 27 so-called Ediacaran and earliest Cambrian skeletal biotas in fact overlap without notable 28 biotic turnover, and thus refute the presence of a large isotope excursion coincident with 29 mass extinction of all Ediacaran biota. We propose a new biozone, the Cloudina-30 Namacalathus-Sinotubulites Assemblage Zone, to precede the known small shelly fossil 31 (SSF) zones. These observations raise doubts as to whether there is any true separation 32 between the Ediacaran and Cambrian skeletal biotas, and suggest that there is a deep root 33 for the Cambrian Explosion of metazoans.
INTRODUCTION 35
Diverse soft-bodied and skeletal macroscopic fossils first appeared in the 36 Ediacaran (~575-541 Million years ago (Ma)) and probably represent stem-and crown-37 group metazoans as well as extinct clades (e.g., Droser and Gehling, 2015) . This biota 38 largely disappeared across the Precambrian-Cambrian boundary, which is thought to be 39 marked by the 'Great Unconformity' and the basal Cambrian negative carbon isotope 40 excursion (BACE) (e.g. Amthor et al., 2003; Zhu et al., 2006 Zhu et al., , 2007 Peters and Gaines, 41 2012 ). This excursion pre-dates the first appearance of Treptichnus pedum (Zhu et al., 42 2001; Cui et al., 2016; Smith et al., 2016) which defines the Precambrian-Cambrian 43 boundary (Landing, 1994) , and marks a major biotic turnover as it was followed by the 44 rapid appearance and diversification of bilaterian animals in the early Cambrian (Erwin et 45 bias of fossil preservation, restriction of metazoans to oxygenated habits above an often 48 shallow chemocline, and the difficulty of integrating commonly disparate bio-and 49 chemostratigraphic data. Yet whether these biotas are distinct or related is fundamental to 50 our understanding of the environmental controls on the rise of metazoans. 51
Here we present new high resolution  13 C and biostratigraphic data from a highly 52 fossiliferous terminal Ediacaran to Cambrian succession on the distal edge of the eastern 53
Siberian Platform, Russia. This demonstrates for the first time that there was considerable 54 diversification of characteristic Cambrian-type skeletal taxa prior to the BACE. In turn 55 this raises doubts as to whether there is any true separation between the Ediacaran and 56
Cambrian skeletal biotas. 57
GEOLOGICAL SETTING 58
We consider the carbon isotope stratigraphy and fossil records at Kyra-Ytyga 59
River, a Ediacaran-Cambrian section on the Yudoma River that formed in the Yudoma-60 Maya Depression on the southeastern edge of the Siberian Platform (Fig. 1A ). This 61 depression shows facies distinct from other well-known Ediacaran-Cambrian transitional 62 successions from the Aldan, Olenek, Kotuy, and Sukharikha rivers (Khomentovsky, 63 2008; Fig. 1A ). The section encompasses the Yudoma Group which is subdivided into 64 the Aim and Ust'-Yudoma formations (Khomentovsky, 2008) (Fig. 1B) . The lower Aim 65 Formation (~50 m) is composed of a transgressive systems tract (TST) of basal gray 66 sandstones and red shales, and a highstand systems tract (HST) of the limey dolostones. 67
The upper Aim Formation (~55 m) forms a second sequence and is dominated by dark 68 Formation ends in a regional unconformity and is overlain by the Pestrotsvet Formation 74 in other Yudoma River sections (Khomentovsky, 2008 and includes the Ediacaran soft-bodied Beltanelliformis brunsae (Fig. 2U) and 94 ?Shaanxilithes (= Nenoxites) sp. (Wood et al., 2016; Ivantsov, 2017) . Further Ediacaran 95 fossils have been reported from the equivalent interval of the Aim Formation of proximal 96
Yudoma River sections, including Shaanxilithes sp. ( (Fig. 2W) , Palaeopascichnus sp., 97
Suvorovella aldanica, and Aspidella terranovica (Zhuravlev et al., 2009; Wood et al., 98 2016; Ivantsov, 2017) . 99
The first skeletal fossils appear 183 m from the base of the Ust'-Yudoma 100 Formation (Level II), including Cloudina ex gr. C. riemkeae ( Fig. 2A-C) , cloudinids ( Fig.  101 2E), Anabarites trisulcatus, A. valkovi (Fig. 2F) , and other undetermined SSFs (Fig. 2R ) 102 (see also Zhuravlev et al. 2012; Wood et al., 2016) . (Fig. 2Q) , Sachites sp. (Fig. 2J) , siphogonuchitids, chancelloriids (Fig. 2O) , 113 hyolithelminthes ( Fig. 2K) , and the vertical burrowing trace Diplocraterion sp. (Fig. 2V) . 114
The new  13 C data provide evidence for a short interval (~50 m) of highly 116 variable isotopic signatures, followed very protracted interval (>275 m) of very stable, 117 positive values. This is interpreted as the late Ediacaran positive carbon isotope plateau 118 (EPIP). Only in the final ~20 m is the start of a negative downturn of the  13 C values 119 from 1.43 ‰ to 0.65 ‰ recorded. We interpret this to be the start of the BACE based on 120 the following lines of evidence: (1) the continuous Ust'-Yudoma shallow marine 121 carbonate sequence, which underwent very early dolomitization (Wood et al., 2016) , 122
shows dominantly stable  13 C values, and the start of a negative downturn in the absence 123 of any lithological change. We suggest the  13 C data record an original seawater 124 signature and are thus correlatable with the isotopic plateau recorded in the terminal 125
Ediacaran sequences globally (e.g. Amthor et al., 2003; Zhu et al., 2007; Wood et al., 126 2015; Smith et al., 2016) , (2) the sequence is below the Pestrotsvet Formation 127 unconformity, which occurs above the BACE (Khomentovsky and Karlova, 2005) antiqua zones, which previously only reported in the interval within or above the BACE 139 and below the sub-Tommotian unconformity on the Siberian Platform (Khomentovsky 140 and Karlova, 2005) , and are usually considered to be typical of basal Cambrian levels 141 globally (Steiner et al., 2007; Landing et al., 2013; Yang et al., 2016a) . 142
The chemo-and biostratigraphy presented here allows correlation with other 143 regional successions across the Ediacaran -Cambrian transition: many are either 144 relatively condensed or contain significant unconformities (including the Great 145 Unconformity). For example, in northwestern Canada, South China and Kazakhstan a 146 mixed Ediacaran -Cambrian skeletal fauna characterizes the interval above the EPIP and 147 BACE, where the earliest occurrence is close to the nadir of the isotope excursion (Pyle 148 et al., 2006; Yang et al., 2016a) . While in Nevada, USA, although both the EPIP and 149 BACE are recorded, the Cambrian-type fossils occur only after the BACE (Smith et al., 150 2016 ). The Kyra-Ytyga section therefore provides the only documentation of both 151
Ediacaran and Cambrian skeletal taxa within the EPIP and prior to the BACE. This may 152 be due to the fact that Yudoma Group suffered less erosion during the formation of Great 153 Unconformity in the area (Khomentovsky and Karlova, 2005) . Additionally, the 154 preservation of the Ediacaran skeletal fossils is limited to very shallow lithofacies above 155 the oxic chemocline, as found at Kyra-Ytyga (Wood et al., 2016) . Ediacaran successions 156 deposited below the chemocline would be expected to lack such faunas. The new data show that the Ediacaran and the earliest Cambrian biotas 163 overlapped without any notable biotic turnover (Fig. 3) . The BACE can now be 164 constrained to have occurred within the interval of characteristic Cambrian-type skeletal 165 fossil distribution (Fig. 3) , thus refuting the presence of a large carbon isotope excursion 166 coincident with the mass extinction of all Ediacaran biota. These observations in turn 167 raise doubts as to whether there is any true separation between the Ediacaran and 168
Cambrian skeletal biotas. Indeed, this contention is supported by the co-occurrence of 169 cloudinids with various skeletal species representing a number of diverse clades of early 170
Cambrian aspect in Siberia, South China, and Kazakhstan (Zhuravlev et al., 2012; Yang 171 et al., 2016a) . 172
Placing the relatively complete Kyra-Ytyga section within a global correlation 173 scheme reveals the need to establish a new SSF biozone. We hence propose the 174 and A. Zhuravlev, 1998 (Gaojiashania annulocosta in Zhuravlev et al., 2009 fig. 2 ; 21
Cloudina-Namacalathus-Sinotubulites
Shaanxilithes in Cai et al., 2011; Gaojiashania in Wood et al., 2016, fig. 2A ; Nenoxites 22 curvus in Ivantsov, 2017, fig. 2г ; Fig. 2W herein) . 23  Acritarchs Leiomarginatasphaera punctulata Pyatiletov, 1988 ; Granomarginatasphaera 24 judomica Pyatiletov, 1988; Bailikania diligena Treshchetenkova, 1981; "Sibiriella" 25 prima Fayzulina, 1981; Bavlinella faveolata (Shepeleva, 1963 ) Vidal, 1976 ; Leiovalia 26
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Click here to download Supplemental file Zhu et al-Siberia-MSSuppl-revised-.pdf sp.; Leiosphaeridia rubiginosa (Andreeva, 1966 ) Jankauskas et al., 1989 L. 27 minutissima (Naumova, 1949 ) Jankauskas et al. 1989 L. minuta (Naumova, 1961 ) 28 Jankauskas et al., 1989 Siphonophycus robustum (Schopf, 1968 ) Knoll et al., 1991 S. 29 typicum (Hermann, 1974) Butterfield et al., 1994 -organic envelops from black 30 siltstone, 11.6-27.6 m above the base of the formation (Pyatiletov, 1988, pls 2014; A. A. Zhuravlev, 2015 (Ivantsov, 2017, fig.2a ). 38  Palaeopascichnus sp. -moulds on bedding surfaces of black sandstone, 11.0-11.3 m 39 above the base of the section, collections A. Ivantsov, 2014; A. 40 Zhuravlev, 2015 (Ivantsov, 2017, fig. 2в ). 41  Aspidella terranovica Billings, 1872 -moulds on bedding surfaces of black sandstone, 42 11.0-11.3 m above the base of the section, collections A. Ivantsov, 2014; A. Ivantsov 43 and A. Zhuravlev, 2015 (Wood et al., 2016, fig. 2E ; Ivantsov, 2017, fig. 2б ). 44  Suvorovella aldanica Vologdin and Maslov, 1960 -complete and fragmented shells in 45 dolomitic shelly packstone, 14.6-16.9 m above the base of the section, collections A. 46 Ivantsov, 2014; A. Ivantsov and A. Zhuravlev, 2015 (Suvorovella aldanica, Majaella 47 verkhojanica, Majaella sp. I, and Hyolithoides in Vologdin and Maslov, 1960, fig. 1 ; 48 Suvorovella aldanica and Cyclomedusa sp. in Sokolov, 1972, figs. 5, 6; Suvorovella sp. 49 and Cyclomedusa ex. gr. plana in Sokolov, 1976, figs. a, г; Ivantsov, 2016; Wood et al., 50 2016, fig. 2C ). 51
Level II. Ust'-Yudoma Formation, 183 m above the base 53 Kyra-Ytyga River section: 54  Cloudina ex gr. C. riemkeae Germs, 1972 -phosphatized tubes from limy dolomitic 55 packstone, collection A. Fedorov, 1981 (Zhuravlev et al., 2012 fig. 3A-E; Wood et al.,  56 2016, fig. 2E ; Fig. 2A-C, herein) . 57  Cloudinids -phosphatized tubes from limy dolomitic packstone, collection A. Fedorov, 58 1981 (Fig. 2E, herein) . (Fig. 2F, herein) . 64  Spaeroid shelly problematica -shells from limy dolomitic packstone, collection A. 65 Fedorov, 1981 (Fig. 2R, herein) . (Fig. 2T2, herein) . 76  A. hexasulcatus Missarzhevsky, 1974 -shells and steinkerns from limy dolomitic 77 packstone, collection A. Zhuravlev et al., 2015. 78  Cambrotubulus decurvatus Missarzhevsky in Rozanov et al., 1969 -shells and 79 steinkerns from limy dolomitic packstone, collection A. Zhuravlev et al., 2015 (Fig. 2S,  80 herein). (Fig. 2H, herein) . 88  A. natellus (Vail'kov and Sysoev, 1970 ) -phosphatized steinkerns from limy dolomitic 89 packstone, collection Yu. Shabanov, 1967 (Fig. 2G, herein) . 90 (Fig. 2D, herein) . 99  Protohertzina unguliformis Missarzhevsky, 1973 -phosphatic shells from limy 100 dolomitic packstone, collection Yu. Shabanov, 1967 (Fig. 2M, herein) . 101 Shabanov, 1967. 126  Allatheca sp. -calcareous shells from limy dolomitic packstone, collection A. 127 Zhuravlev et al., 2015. 128  Diplocraterion sp. -vertical burrowing trace fossil from limy dolomitic packstone, 129 collection A. Zhuravlev et al., 2015 (Fig. 2V, herein 
